Ultrasound examination of the gastric antrum allows reliable assessment of gastric contents and volume. Postoperative assessment of gastric contents before recovery from anaesthesia could help the physician to choose the most appropriate extubation technique after surgery in children. In this prospective observational study, we assessed whether significant changes occurred in gastric contents during the intra-operative period in children undergoing elective ear, nose and throat (ENT) surgery. Children aged between six months and 16 years were recruited consecutively. Ultrasound examination of the antrum was performed before induction of anaesthesia and at the end of surgery before tracheal extubation, and included quantitative and qualitative assessment of gastric contents. The mean (SD) gastric volume was 0.28 (0.30) ml.kg À1 before surgery and 0.27 (0.30) ml.kg À1 after surgery, p = 0.82. No solid contents were identified in the antrum, and the gastric volume was < 1.5 ml.kg À1 in all patients during both ultra-
Introduction
Peri-operative pulmonary aspiration of gastric contents is one of the main causes of brain damage and anaesthesia-related death [1] [2] [3] . Although the majority of cases of aspiration occur at induction of anaesthesia, tracheal extubation and recovery are also risk periods for aspiration events [1, [3] [4] [5] [6] . One of the main risk factors for aspiration is an increase in the volume of gastric contents. Passive blood loss from the surgical field into the stomach may occur during ear, nose and throat (ENT) and maxillofacial surgical procedures; therefore, aspiration of gastric contents through a gastric tube before tracheal extubation has been suggested in order to minimise the risk of postoperative regurgitation and vomiting, and, consequently, to decrease the risk of pulmonary aspiration [7] [8] [9] [10] [11] . However, the clinical significance of passive ingestion of blood during ENT surgery remains uncertain. In fact, aspiration of ingested blood that has clotted may be difficult when attempted through a gastric tube; it does not ensure that the stomach is totally emptied, and does not allow accurate assessment of the amount of blood ingested. Furthermore, conflicting results have been reported regarding the clinical benefits of gastric decompression before tracheal extubation in terms of reduced incidence of postoperative vomiting in children undergoing ENT surgery [8] [9] [10] [11] .
Ultrasound examination of the gastric antrum allows reliable assessment of gastric contents and volume in both adults and children, with high intra-and inter-rater reliability [12] [13] [14] [15] [16] . This non-invasive diagnostic tool has been studied for the assessment of perioperative aspiration risk and to guide anaesthetic management before elective or emergency surgical procedures [17] [18] [19] [20] . We decided to perform a prospective observational study that aimed to assess whether there was a significant change in gastric contents related to the passive ingestion of blood during elective ENT surgery in children.
Methods
Following approval from our Institutional Review Board, this prospective cohort study was conducted between July 2016 and March 2017. Methodology followed the recommendations of the STROBE statement [21] . After obtaining written informed consent from either the parent or the patient, children aged between 6 months and 16 years undergoing elective ENT surgery were consecutively enrolled. We recruited patients according to the availability of one of the three physicians (CA, AR, MS) who performed the ultrasound scans. Each had previously performed at least 100 gastric ultrasound examinations. Exclusion criteria were children who had a history of upper gastro-intestinal surgery.
All patients were fasted for at least 6 h for solids and 2 h for clear liquids. The choice of anaesthetic induction technique, either inhalational or intravenous, was at the discretion of the attending anaesthetist. Following tracheal intubation, general anaesthesia was maintained using sevoflurane and remifentanil, sufentanil or alfentanil. For each patient, ultrasonographic examination of the antrum was performed, with the same standardised scanning technique, at two predefined time-points: on arrival in the operating theatre, before induction of anaesthesia; and after the end of surgery, before awakening from anaesthesia and tracheal extubation. The same portable sonographic system (S-Nerve ™ , SonoSite Inc., Bothell, WA, USA) equipped with a linear high-frequency 10-13 MHz transducer or a curvilinear 2-5 MHz transducer, depending on the age of the child, was used for all patients. Each ultrasound examination was performed with the child placed first in the supine and then in the right lateral decubitus position [22] . The gastric antrum was scanned in a standardised sagittal plane in the epigastrium, including the left lobe of the liver and either the aorta or the inferior vena cava, as previously described [16, 17] . The maximal anteroposterior diameter (D1) and longitudinal diameter (D2) of the antrum were measured from serosa to serosa, in the right lateral decubitus position, allowing calculation of the antral cross-sectional area (CSA) according to the following formula: antral CSA = (p 9 D1 9 D2)/4 [23] . The gastric volume was then calculated using a mathematical model previously validated in the paediatric population: volume (ml.kg
) + 0.127 9 age (months)]/body weight (kg) [16] . The R² value for this model was 0.60. 'Full stomach' was defined by the visualisation of any solid, echoic, content in the antrum and/or by a calculated gastric fluid volume > 1.5 ml.kg À1 [19, 20] . Qualitative assessment of the stomach antrum contents was also performed using a 3-point qualitative grading scale described by Perlas et al. [14] . Grade 0 was defined as the absence of any content in a flat antrum in both the supine and the right lateral decubitus positions. Grade 1 was defined as the appearance of fluid content in the right lateral decubitus position only, and grade 2 was defined as the appearance of fluid content in both the right lateral decubitus and supine positions. The distribution of continuous variables was tested for normality using the Kolmogorov-Smirnov test. The ultrasound data between the pre-induction period and the period preceding tracheal extubation, and between patients with a throat pack and those without a throat pack, were compared using chi-square test, Fisher's exact test, paired or independent Student's t-test or Wilcoxon signed rank tests, as appropriate. One-way ANOVA, followed by a Student-Newman-Keuls test for multiple comparisons, were used to evaluate significant differences in the measured antral CSA and the corresponding gastric volumes across the three assigned gastric grades before recovery from anaesthesia and extubation. The relationship between duration of surgery and residual gastric volume before tracheal extubation was analysed using Pearson's correlation.
For sample size calculation, we hypothesised that 5% of children would have a full stomach on arrival in the operating theatre, before induction of anaesthesia [16, 18, 19] . According to this hypothesis, the inclusion of 73 patients was required to show a 15% increase in the incidence of full stomach between the pre-induction period and before tracheal extubation, with a significance level of 0.05 and a power of 0.80. Statistical analysis was performed using MedCalc â version 12.1.4.0 for Windows (MedCalc Software, Ostend, Belgium) and a p value of < 0.05 was considered statistically significant.
Results
Seventy-five children were recruited and the flow diagram of patient enrolment and analysis is shown in Fig. 1 . The antrum was not identified in three patients (4.5%) during the first ultrasound assessment and in one patient (1.3%) after surgery. A total of 66 children were included in the final analysis (Table 1) . Qualitative and quantitative ultrasound assessments of gastric contents were similar before and after surgery, as shown in Table 2 . No solid content was identified in the antrum of any children, and gastric volume was < 1.5 ml.kg À1 in all patients during the first and sec- 
Discussion
We have demonstrated that ultrasound assessment of gastric contents before tracheal extubation was feasible in > 90% of children undergoing elective ENT surgery, and that no significant change in gastric contents occurred during the intra-operative period. In particular, no child had a full stomach during the study period. Ultrasound examination of the gastric antrum allows both qualitative and quantitative assessment of gastric contents. This tool has been successfully described for pre-operative assessment of gastric contents in both adults and children [17-22, 24, 25] . The use of this non-invasive bed-side tool was particularly appropriate in this study because it is reliable, is available in the operating theatre and is easy to use in the peri-operative setting, whereas other non-invasive tools, such as magnetic resonance imaging or tomodensitometry, would not have been appropriate for practical reasons. We did not find any significant difference between the pre-induction period and the immediate postoperative period preceding tracheal extubation regarding the qualitative assessment of gastric contents and in the antral CSA measured in the right lateral decubitus position in children undergoing ENT surgery. The antral CSA measured in the right lateral decubitus position is the main predictor of gastric fluid volume according to several mathematical models described in the paediatric population [15] [16] [17] 26] . In the present study, we used the formula described by Spencer et al. [16] to calculate the gastric fluid volume because the range of ages in our study population was close to the range of ages of the children studied when validating CSA, cross-sectional area; RLD, right lateral decubitus. Table 3 Measured antral cross-sectional areas in the right lateral decubitus position and calculated gastric volumes according to the antral grade after surgery. Values are mean (SD). this formula. The other published models for the determination of gastric volume in paediatrics have been described in older children (6-14 years of age) or in infants [15, 17, 26] . In our study, the incidence of a grade-2 antrum was 9.1% and 13.6% before and after surgery, respectively, and no child had a full stomach at any point. The mean calculated gastric fluid volume was only 0.44 ml.kg À1 before tracheal extubation in patients with a grade-2 antrum, whereas Spencer et al. found that the median gastric volume was 1.4 ml.kg À1 in elective grade-2 children [16] . The discrepancy between our results and those previously reported could in part be explained by the exclusion of children with gastro intestinal disease in the present study.
Children scheduled for upper gastro intestinal endoscopy, with possible underlying gastric pathology potentially impacting on baseline gastric secretions, gastric emptying and compliance of the gastric wall, were included in the study reported by Spencer et al. [16] . Nonetheless, although the calculated gastric fluid volumes were low in the present study, they significantly increased along with the qualitative grading scale, as previously reported in both adults and children [14, 16, 19, 27] . Our results show that some children with a grade-2 antrum may have gastric fluid volume < 1.5 ml.kg
À1
, as reported in adult patients [14, 19] . Hence, even if the ultrasound 0-2 qualitative grading system could help differentiate between low and high gastric volume states, ultrasound assessment of gastric fluid volume should probably firstly be based on the use of validated mathematical models in children, in a similar manner to that suggested in clinical decision-making algorithms for adult patients [19, 20] . The results of our study have several implications. Firstly, they question the usefulness of suctioning gastric contents through a gastric tube before tracheal extubation in children undergoing ENT surgery [7] [8] [9] [10] [11] , because we did not find any significant increase in the gastric content volume during the surgical procedure, and no child had a full stomach at the end of surgery. Some previously reported cases of blood aspiration that occurred after tracheal extubation and during the recovery period after oral and maxillofacial surgery, for which the mechanism remained uncertain, may therefore possibly be due to incomplete surgical haemostasis at the end of the surgery or to postoperative bleeding. This is likely to be independent of regurgitation or vomiting related to the increase in gastric contents by passive blood loss from the surgical field into the stomach during surgery [1, 3, 5] . There is currently ongoing debate as to the optimal timing for tracheal extubation, awake or deep, following ENT surgery in children [28, 29] . Our results suggest that tracheal extubation may be performed under deep anaesthesia, before recovery of laryngeal reflexes, without increasing the risk of postoperative aspiration of gastric contents. To the best of our knowledge, our study is the first to propose the use of ultrasound examination of the antrum to assess the risk of pulmonary aspiration of gastric contents after the end of surgery, before tracheal extubation, and to assess the feasibility of this non-invasive technique in this setting. Ultrasound assessment of gastric contents may be of interest when performed at the end of other types of surgery during which an increase in gastric volume may occur, for example, procedures involving surgical manipulation of the upper digestive tract or those where acute changes in intra-abdominal pressure occur.
A limitation of our study is that it was performed in a single centre and reflects local patterns related to the experience of our medical team and intra-operative procedures. Therefore, external validation, ideally a multi-centre study, is required to assess the generalisability of our findings.
In conclusion, we have demonstrated that ultrasound assessment of gastric contents was feasible before tracheal extubation in most children undergoing elective ENT surgery, and found no significant increase in gastric contents during surgery. This suggests that the main mechanism for pulmonary aspiration of blood that may occur after elective ENT surgery probably does not involve regurgitation of ingested blood from the stomach.
